Epimeric (20R,23R)-and (20R,23S)-23-hydroxycholestane steroids were synthesized. Their structures were elucidated by extensive 1 H and 13 C NMR spectroscopy and application of the Mosher's method. All proton and carbon signals of the side chains were assigned. Based on these assignments spectral data allow the determination of the C-23 stereochemistry of (20R)-23-hydroxycholestane side chains of the new natural steroids by comparison with spectra of the obtained model compounds. As a result, the C-23 configuration of two steroid compounds from the starfishes Lethasterias nanimensis chelifera and Lethasterias fusca was established.
Starfish (phylum Echinodermata, class Asteroidea) were shown to contain a variety of different polar steroid substances, namely the polyhydroxysteroids, related mono-and biosides, as well as asterosaponins (oligoglycosides containing 3-O-sulfated  9(11) -3,6-dihydroxysteroid aglycons and carbohydrate chains with usually five or six sugars attached to C-6) and their sulfated aglycons [1] [2] [3] [4] [5] [6] . Starfish polar steroids attract attention not only due to their peculiar chemical structures, but also by the wide spectrum of their biological activities, including cytotoxic, antiviral, antibacterial, neuritogenic, antibiofouling and antifungal effects [1] [2] [3] [4] [5] [6] .
In the starfish, these polar steroids usually represent very complicated mixtures, whose separation into individual components is rather difficult. Some constituents from fractions of polar steroids can be isolated individually only in minor amounts. Often, asterosaponins contain (20R)-23-hydroxycholestane side chains with an additional asymmetric center at C-23 [7] [8] [9] [10] . Determination of the absolute configuration of new asterosaponins, including the assignment of that in side chains, is an essential problem.
Earlier, our group reported an attempt to decide some stereochemical problems of structure elucidation of polar steroids by 1 H NMR spectroscopy without application of chiral reagents [11] . In this communication, we continue our studies on the application of NMR spectroscopy for determination of the absolute configuration of polar steroids of echinoderms. In these cases, when such compounds are obtained in minor amounts, for example less than 1 mg, the application of the traditional Mosher's method for secondary alcohols [12] using preparation of optically active S-(-) and R-(+)--methoxy--(trifluoromethyl)-phenylacetyl (MTPA) esters to establish the absolute configuration of C-23 is either not possible or rather difficult. Herein, we propose a method for assignment of C-23 absolute configuration in (20R)-23hydroxycholestane side chains of steroid compounds by extensive 1 H and 13 C NMR spectroscopy by comparison with spectra of model compounds. In order to obtain pairs of steroid epimeric compounds, including a couple of steroids with (20R,23R)-and (20R,23S)-23hydroxycholestane side chains, we used (20E)-3,6-dihydroxy-5-cholesta-9(11),20(22)-dien-23-one (isomarthasterone, 1), previously obtained by acid hydrolysis of asterosaponins from the Far Eastern starfish Lethasterias nanimensis chelifera [7] . Compound 1 was hydrogenated with platinum oxide in ethanol and the resulting mixture of C-20 epimeric steroids with saturated side chains was obtained. Separation of this mixture by HPLC on a Zorbax ODS column yielded two individual epimers, 2a and 2b. Previously, it was found for a number of samples of cholestane derivatives, as well as derivatives of ergosterol and stigmasterol with (20R)-configuration (from algae, fungi, traheophytes and animals) that the chemical shift of H 3 -21 is between 0.910.93 ppm in their 1H NMR spectra, recorded in CDCl 3 , whereas the same signal for 20-isocholesterol with a (20S)-configuration appears at 0.1 ppm higher field than in spectra of (20R)-compounds [13] . Analysis of the 2D NMR data ( 1 H-1 H COSY-45, HSQC, HMBC and NOESY) led us to the assignment of all proton and carbon resonances of the C-20 epimeric steroids 2a and 2b ( Figure 1 , Table  1 ).
The (20R)-configuration of epimer 2a and the (20S)-configuration of epimer 2b were assumed on the basis of the chemical shifts of H 3 -21 at  1.04 and 0.93, respectively, in the 1H NMR spectra, recorded in C 5 D 5 N. Conclusive confirmation of the configuration at C-20 in both compounds was carried out by studying the nuclear Overhauser effects. The NOESY correlations, such as H-12/H 3 -21 (Figure 1 , Table 2 and Experimental section).
The absolute configuration of C-23 in the side chain of compounds 3a and 3b were established by Mosher's method [12] . The 1 H and 13 C NMR data for proton and carbon signals of the side chains of compounds 3a and 3b given in Table 2 are shown in the two solvents, C 5 D 5 N and СD 3 OD, which are usually used for the study of NMR spectra of starfish polar steroids, including asterosaponins. Careful examination of the obtained resonances exhibited that there are some significant differences in the chemical shifts of protons and carbons in the saturated side chains of epimers 3a and 3b in the presence of a C-23 hydroxyl function. In Table 2 the signals of the protons, which differ from each other by 0.05 ppm or more, and signals of the carbons, which differ by more than 0. Previously, we have twice isolated steroid compounds with a (20R)-23-hydroxycholestane side chain from the Far Eastern starfishes. In the first case, we obtained a native aglycon (20R)-3,6,23trihydroxy-5-cholest-9(11)-ene by acid hydrolysis of a mixture of asterosaponins from Lethasterias nanimensis chelifera [7] . In the second case, we isolated asterosaponin lethasterioside B with the same aglycon from Lethasterias fusca [10] . Comparison of proton and carbon chemical shifts of the side chains of both compounds with the data of (23R)-and (23S)-epimers given in Table 2 showed unequivocally that both compounds have the (23R)-configuration. Thus, 1 H and 13 C NMR spectroscopy with the use of data obtained from model compounds 3a and 3b permits a determination of the C-23 stereochemistry in (20R)-23-hydroxycholestane side chains of steroid compounds.
Experimental
General: Optical rotations were determined on a Perkin-Elmer 141 polarimeter. The 1 H and 13 C NMR spectra were recorded on a Bruker DRX 500 spectrometer at 500.13 and 125.76 MHz, respectively, and a Bruker AVANCE III 700 spectrometer at 700.13 and 176.04 MHz, respectively. The ESI mass spectra were recorded on an Agilent 6510 Q-TOF LC/MS mass spectrometer; the samples were dissolved in MeOH (c 0.001 mg/mL). Compound 1 was isolated from the starfish Lethasterias nanimensis chelifera, as described previously, and was pure according to NMR, MS, TLC and HPLC data [7] . HPLC separations were carried out on an Agilent 1100 Series chromatograph equipped with a differential refractometer. Zorbax ODS (5 m, 250  4.6 mm), YMC-Pack ODS-A (5 m, 250  4.6 mm) and Ultrasfere-Si (5 m, 250  4.6 mm) columns were used. Low pressure column liquid chromatography was performed using Si gel KSK (50160 m, Sorbpolimer, Krasnodar, Russia). Sorbfil Si gel plates (4.5  6.0 cm, 517 m, Sorbpolimer, Krasnodar, Russia) were used for thin-layer chromatography. (20S)-3,6-Dihydroxy-5-cholest-9(11)-en-23-one (2b) Amorphous powder. Rf: 0.22 (toluene-EtOH 9:2).
Hydrogenation of compound 1:
[] D : +25.0 (с 0.7, EtOH). 1 H and 13 C NMR (C 5 D 5 N): (20R,23S)-3,6,23-Trihydroxy-5-cholest-9(11)-ene (3b) Amorphous powder. Rf: 0.18 (toluene-EtOH 9:2).
[] D : +38.4 (с 0.2, EtOH). 1 H NMR data of the steroid nucleus (700.13 MHz, C 5 D 5 N) are identical with those reported for 3a except for 1.18 (1H, m, H-15) and 1.49 (1H, m, H-16). 1 H NMR data of the side shain (700.13 MHz, C 5 D 5 N): Table 2 . 13 C NMR data of the steroid nucleus (176.04 MHz, C 5 D 5 N) are identical with those reported for 3a. 13 C NMR data of the side shain (176.04 MHz, C 5 D 5 N): Table 2 . 1 H NMR data of the steroid nucleus (700.13 MHz, CD 3 OD) are identical with those reported for 3a except for 1.17 (1H, m, H-17). 1 H NMR data of the side shain (700.13 MHz, CD 3 OD): Table 2 . 13 C NMR data of the steroid nucleus (176.04 MHz, CD 3 OD) are identical with those reported for 3a. 13 C NMR data of the side shain (176.04 MHz, CD 3 OD): Table 2 Table 3 .
